Measles is readily spread to susceptible individuals, but is no longer endemic in the United States. In March 2011, measles was confirmed in a Minnesota child without travel abroad. This was the first identified case-patient of an outbreak. An investigation was initiated to determine the source, prevent transmission, and examine measles-mumpsrubella (MMR) vaccine coverage in the affected community. Investigation and response included case-patient follow-up, post-exposure prophylaxis, voluntary isolation and quarantine, and early MMR vaccine for non-immune shelter residents .6 months and ,12 months of age. Vaccine coverage was assessed by using immunization information system records. Outreach to the affected community included education and support from public health, health care, and community and spiritual leaders. Twenty-one measles cases were identified. The median age was 12 months (range, 4 months to 51 years) and 14 (67%) were hospitalized (range of stay, 2-7 days). The source was a 30-monthold US-born child of Somali descent infected while visiting Kenya. Measles spread in several settings, and over 3000 individuals were exposed. Sixteen case-patients were unvaccinated; 9 of the 16 were age-eligible: 7 of the 9 had safety concerns and 6 were of Somali descent. 
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(Continued on last page) Measles-containing vaccine is very effective; a review of published studies found the median effectiveness of 1 dose of measles-mumps-rubella (MMR) vaccine given $12 months of age is 92.5%, and the median effectiveness of 2 doses is 94.1%. 4 Widespread use of measles vaccine led to the elimination of endemic measles in the Americas in 2002. 5 Measles cases in the United States occur by importation from countries with high measles disease rates or exposure to imported or outbreak-associated cases.
In 2011, 220 measles cases in the United States were reported to the Centers for Disease Control and Prevention (CDC), the highest number since 1996. 6 In March 2011, the Minnesota Department of Health (MDH) confirmed measles in a 9-month-old US-born infant who resided at a homeless shelter, with no history of travel abroad. An investigation was initiated to determine the source, prevent transmission, and examine trends in MMR vaccine coverage in the affected community. Although the first identified case had no travel history, the investigation revealed the source case to be an unvaccinated US-born child who was exposed to measles in an endemic region of Africa, and developed disease on return to the United States. 7 Minnesota is home to the largest Somali-American community in the C], generalized maculopapular rash lasting $3 days, and at least 1 of cough, coryza, or conjunctivitis). Confirmed cases were either laboratory confirmed or met the clinical case definition and were epidemiologically linked to a confirmed case. Laboratory confirmation was achieved by serology (positive measles-IgM or a fourfold or more rise in measles-IgG), measles virus isolated in culture, or a positive reverse-transcriptase polymerase chain reaction (PCR). After the first 12 cases were confirmed, refined laboratory testing criteria were used to prioritize testing. Priority was determined by both clinical criteria and known exposure (geographic or to a confirmed case-patient). For example, testing was immediately performed for known exposed individuals who had acute onset of respiratory symptoms and fever, even if rash was not present.
Laboratory Testing
Serology, PCR, 8 and/or viral culture (throat, nasal, and urine specimens) were performed at MDH, and equivocal or discrepant results were sent to the CDC for confirmation. Serology from commercial laboratories was confirmed by MDH. Genotyping 9 for select specimens was performed at MDH and CDC.
Investigations and Interventions
Case-patients and their parents were interviewed regarding symptoms and vaccine history, and to investigate exposures and contacts. The immune status of case-patients was documented by medical records, the Minnesota Immunization Information Connection (MIIC), and school records. Medical records were reviewed for clinical features. To determine exposures, case-patients were asked to describe activities during the 21 days before rash onset. To identify contacts, case-patients were asked to describe activities during the 4 days before through 4 days after rash onset.
Contacts were notified and assessed for evidence of immunity. If case-patient contacts lacked evidence of immunity (ie, ,12 months of age, no history of vaccine, disease, or serologic evidence of immunity, and born in 1957 or later) and were eligible, post-exposure prophylaxis (PEP) was recommended (ie, MMR vaccine within 72 hours of exposure for those vaccine-eligible, or immune globulin [IG] within 6 days if immunocompromised, pregnant, or under 1 year of age, as well as healthy susceptible household contacts over 12 months of age who missed the MMR vaccine window). If vaccinated with 1 dose, exposed contacts were advised to receive a second dose of MMR vaccine.
Contacts without evidence of measles immunity were asked to stay home, limit visitors for 21 days after last exposure, and notify public health and medical providers if symptoms developed. In shelter settings where the ability to quarantine exposed individuals was challenging, documenting measles SPECIAL ARTICLE immunity by serology for residents who had unknown immunity was useful to focus recommendations. MDH recommended that an early dose of MMR vaccine be given to Hennepin County shelter residents who were .6 months and ,12 months of age and who had not received MMR vaccine. It was recommended that these children restart the 2-dose MMR vaccine series at $12 months of age. It also was recommended that children over 13 months of age who resided in Hennepin County and children of Somali descent who had received only 1 dose of MMR at least 28 days preiously receive a second dose.
Immunization Coverage Assessment
MIIC data were queried at the time of the outbreak and again in early 2013 to assess trends in immunizations among Minnesota-born children residing in Hennepin County at the time of analysis according to MIIC records. Birth records linked to MIIC were used to ascertain ethnicity to compare immunization trends between Somali and non-Somali children. Somali children were identified by using the fields "birthplace of mother" and when Somali was specified in race "other." Starting in 2011, Somali ethnicity of the child was added as a check box.
Children who had at least 2 noninfluenza vaccinations were included in the analysis to ensure that only active records submitted by a provider were included. Because MIIC includes records automatically uploaded from birth records along with any hepatitis B vaccine given at birth, inclusion of a child who had only 1 vaccination may include children whose records have not been actively updated in MIIC. Excluding records with only 1 vaccination also reduces duplication of records in the denominator of interest.
Only vaccine doses received by age 24 months were counted to assess on-time vaccination. Vaccination rates were compared across birth cohorts from 2004 through 2010 using Epi Info 7.1.1.14 (CDC, Atlanta, GA) x 2 test for trend (Fig 1) 
RESULTS

Case Identification
Twenty-one outbreak-associated measles case-patients were identified in Hennepin County from February 15 through April 24, 2011 (Fig 2) . During the investigation, 211 persons were tested. Two unrelated imported case-patients who had different measles genotypes were also identified.
The source case-patient was a 30-month-old US-born child of Somali descent, who had returned to Minnesota from Kenya on February 1, 2011. The child developed fever, cough, and vomiting on February 11. On February 14 he attended a drop-in child care center. On February 15, he developed rash, and on February 16 he presented to an emergency department with fever, cough, coryza, vomiting, and rash on the back and trunk. He was diagnosed with bilateral otitis media, bronchiolitis, and dehydration. Measles was not suspected. This child transmitted measles to 3 contacts at a drop-in child care center (including the first identified case-patient) and 1 household contact. The drop-in child care center was available to parents who were accessing services at a county facility. Because of this unique, temporary child care setting, immunization records were not maintained. Subsequent cases occurred in 2 homeless shelters (n = 8), 2 health care facilities (n = 3), 2 households (n = 3), and another conventional child care center (n = 1). One casepatient' s specific exposure was unknown, but he resided in Hennepin County and had a measles strain that was the same genotype as the outbreak strain, and therefore was considered a community exposure (Fig 2) . The source case-patient was identified after 5 case-patients already had been confirmed.
Laboratory Testing
Of 21 outbreak cases, 19 were laboratory confirmed and 2 met the clinical case definition and were epidemiologically linked (household contacts) to a confirmed case. Eleven (52%) were confirmed both by serology and PCR, 7 (37%) by PCR only, and 1 (5%) both by PCR and viral culture. The source case was PCR-positive in a nasal wash specimen taken 1 day after rash onset as part of an evaluation that did not include measles. The specimen was subsequently requested by MDH for measles testing. Genotyping was done in 9 cases, including the source case, and was B3. In 3 contacts who received MMR vaccine and who developed a rash within 10 days post-vaccination, PCR testing and genotyping revealed the vaccine strain. Another 6 contacts who received MMR vaccine and who developed a rash greater than 10 days post-vaccination were either measles PCR-negative or the PCR results showed late-cycle threshold values, and there was not enough PCR product to genotype.
Investigations and Interventions
Of 21 outbreak cases-patients, 19 were children (,18 years) and 2 were adults.
The median age of all case-patients was 12 months (range, 4 months to 51 years). Nine of 21 (43%) were black African American, 8 (38%) were black and of Somali descent, 3 (14%) were American Indian, and 1 (5%) was white. This outbreak affected 2 homeless shelters and 8 (38%) case-patients were shelter residents.
Three case-patients had unknown vaccination status, 1 was vaccinated before the recommended age (11 months), and 1 was a health care worker who was thought to be immune (IgG-positive documented .10 years previously). Sixteen of 21 (76%) were unvaccinated; 7 of 16 (44%) were too young for routine vaccination. Nine (56%) children were age-eligible for routine vaccination but unvaccinated, 7 because of safety concerns owing to the misinformation that MMR vaccine causes autism; 6 of these children were of Somali descent. Two other children did not refuse but were behind on immunizations.
The most common symptoms were fever of $101.1°F, rash, cough, coryza, 
FIGURE 2
Confirmed measles cases by exposure site and rash onset date, February 15 -April 24, 2011. SPECIAL ARTICLE and conjunctivitis, but other symptoms and complications were common. Fourteen (67%) case-patients were hospitalized; all were being treated for dehydration, and the majority had diarrhea (64%) or vomiting (64%); 6 (43%) had respiratory complications including croup, bronchiolitis, or pneumonia ( Table 1 ). The median length of stay was 4 days (range, 2-7). One casepatient, a 9-month-old unvaccinated infant who was a sibling of another case-patient and measles PCR-positive, had fever of 103°F, cough, and coryza, but rash was never documented (Table 1 ).
Voluntary quarantine was implemented when contacts lacked evidence of immunity. Those living in a private dwelling were able to comply without essential services assistance from public health. Voluntary isolation and quarantine in homeless shelters was complicated by common eating and living areas. One shelter with fewer in-room resources had multiple generations of reported cases.
Most case-patients had multiple health care encounters before measles diagnosis (median, 2 visits; range, 0-5). Over 3009 known exposures occurred. Seventy-six IG doses were administered (43 by a public health agency and 33 by health care institutions) and 3 MMR vaccine doses were given within the 3-day PEP effective time frame (Table 2). One individual who received IG after the recommended time period for effective prophylaxis (day 7 postexposure) developed measles 31 days after exposure. No persons who received MMR as PEP developed measles. Community vaccination clinics were held, including clinics at shelters and the children' s hospital. A Community Forum was held to engage the Somali community about MMR vaccine safety and measles disease. Somali community leaders, including health care providers, spiritual leaders, and parents participated along with public health leaders. Informational meetings were held and print materials were offered at affected shelters, focusing on measles symptom identification, isolation of sick individuals, access to health care, IG and vaccination administration, and measles antibody testing. (Fig 1) .
Immunization Coverage Assessment
Additional analysis comparing Somali with non-Somali coverage for birth cohorts born in [2004] [2005] [2006] [2007] showed that MMR vaccine coverage among Somali children at 88.2% was, in fact, significantly higher than non-Somali children at 85.7% (odds ratio, 1.24; 95% confidence interval, 1.11-1.40), and in 2008 a clear drop occurred in Somali coverage as part of the downward trend of vaccination coverage for this community.
DISCUSSION
This outbreak began with an unvaccinated US-born child who was exposed to measles in an endemic region of Africa and developed disease on return to the United States. Low vaccination rates in the local Somali community, and subsequent exposures among susceptible homeless shelter residents, fueled ongoing transmission of measles. Delay of the source case-patient' s measles diagnosis also may have contributed to transmission before public health interventions. Although post-exposure prophylaxis, vaccination, and voluntary isolation and quarantine were implemented after the first known case, there was ongoing transmission in 1 of the 2 affected shelters. This transmission was attributable to several factors, including exposures that occurred before the first identified case, an exposure of an infant too young for MMR vaccine according to the routine schedule, as well as exposure of an infant who was too young for the early MMR vaccine outbreak recommendation. Other contributing factors were caused by the challenges of quickly assessing and documenting immune status in a large group of individuals living in a temporary, communal setting. These challenges allowed transmission to individuals who initially were assumed to be immune, but who lacked documentation. After ongoing transmission was seen, immune status testing was implemented for those who lacked documentation.
Notably, two-thirds of the cases in this outbreak were hospitalized, and many of these were hospitalized for respiratory complications in addition to dehydration, highlighting that measles is a severe infection even in wellresourced countries.
Minnesota, and in particular Hennepin County, has the largest community of Somali-American persons in the United States; estimates vary from 20 000 to 60 000 persons. The Somali community in Minnesota is a well-established immigrant community formed in the early 1990s. Currently, there are fewer Somali refugees and primary immigrants, but travel to Africa to visit family and friends is common. In 2008, Somali community activists brought to the attention of the local media their perception of high autism rates in Somali children. The MDH Immunization Program also began receiving reports from health care providers regarding MMR vaccine refusal in the same community owing to parental concerns that MMR vaccine causes autism. Reports described local anti-vaccine activists' impact on the community. In addition, Andrew Wakefield, the former medical researcher known for his now discredited assertion of a link between MMR vaccine and autism, 10,11 met with Somali parents of autistic children in Minnesota 3 times since December 2010, and came back to Minnesota during the outbreak on March 23, 2011. 12, 13 Investigation is underway at the University of Minnesota to evaluate autism prevalence. A coalition was formed to take on the complicated issue of MMR vaccine hesitancy and 21 If averting the threat of measles means that they take on the threat of autism, measles disease risk messaging will not be effective.
Community leaders including imams are important community figures who may be helpful in advising public health staff. 22 Additionally, the local Somali community has a strong oral tradition used to inform and advise one another.
Brunson describes the strong influence of parental social networks. In particular nonconformers to vaccination have a greater social network to support that behavior. 23 Learning more about how Somali parents talk about MMR vaccination with each other will help change the conversation. The MDH immunization program is committed to using culturally appropriate approaches. Two Somali staff recently were hired to work directly with the Somali community, and a peer-to-peer education class was developed. The class aims to first address the fear driving the decision process, and focuses on child growth and development and autism before broaching the topic of immunizations. Because there is not a birth record field for race or ethnicity of the child, birth record fields "birthplace of mother" and mother' s race from written-in race information were used to place children in Somali and non-Somali groups.
Although the "birthplace of mother" field is well populated (99.6%), there may have been Somali mothers identified as "African American" only, which would place their children in the nonSomali group.
CONCLUSIONS
This outbreak began with an unvaccinated child whose diagnosis initially was missed, and spread was facilitated through an undervaccinated subpopulation and through contacts in homeless shelters where prevention efforts were challenging because of many factors, including the communal setting. Although measles is no longer endemic in the United States, outbreaks can readily occur if widespread immunization is not maintained. Health care providers, together with public health and community leaders, must address vaccine hesitancy to ensure high immunization rates in all communities, including subpopulations. Public health and health care intervention for a highly contagious disease such as measles is time-consuming and expensive, but likely prevents additional transmission. The potential for sustained transmission increases when undervaccinated and difficult to isolate groups intersect. As this outbreak highlights, a parental decision to vaccinate or not impacts not just their child but others in the community in which they live.
